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matic repeat request acknowledgement codebook in a
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clude transmitting, by the user equipment, the highest
priority codebook on the determined PUCCH resource
and preventing, by the user equipment, transmission of
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termined. The method may further include transmitting,
by the user equipment, the generated codebook on the
determined PUCCH resource.
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Description
CROSS REFERENCE TO RELATED APPLICATIONS:

[0001] This application claims priority from US Provi-
sional Application No. 62/791505, filed on January 11,
2019. The entire contents of this earlier filed application
are hereby incorporated by reference in their entirety.

BACKGROUND:
Field:
[0002] Various communication systems may benefit

from dynamic enabling and disabling of multiplexing of
HARQ-ACK bits for different types of traffic.

Description of the Related Art:

[0003] 3rd Generation Partnership Project (3GPP)
technologies include the ability to support different types
of traffic with various range of requirements on latency,
reliability, etc. This sometimes requires the prioritization
of handling some traffic, such as ultra-reliable low-latency
communication (URLLC) in new radio (NR), over some
other traffic, such as enhanced mobile broadband (eM-
BB) in NR. Another example is the prioritization of trans-
mission control protocol (TCP)-acknowledgement (ACK)
messages on a 3GPP air interface, which may be impor-
tant for TCP throughput. In NR release (Rel)-15, only one
transmission opportunity for hybrid automatic repeat re-
quest acknowledgement (HARQ-ACK) feedback may be
supported within a slot, either on physical downlink con-
trol channel (PDCCH) or physical downlink shared chan-
nel (PUSCH). As part of the uplink control information
(UCI) enhancements in Rel-16 ultra-reliable low-latency
communication (URLLC), enhanced HARQ-ACK feed-
back may support an increased number of HARQ-ACK
transmission opportunities within a slot.

SUMMARY

[0004] In a first aspect thereof the exemplary embod-
iments of this invention provide a method that comprises
receiving, by a user equipment, at least one downlink
assignment indicating at least one multiplexing indicator
and at least one physical uplink control channel resource
in at least one sub-slot; determining, based on the mul-
tiplexing indicator of the last received downlink assign-
ment, if hybrid automatic repeat request acknowledge-
ment bits of a first traffic type and a second traffic type
are to be multiplexed; generating at least one hybrid au-
tomatic repeat request acknowledgement codebook as-
sociated with the hybrid automatic repeat request ac-
knowledgement bits of the first traffic type in response to
determining that the hybrid automatic repeat request ac-
knowledgement bits of the first traffic type and the second
traffic type are not to be multiplexed; and transmitting at
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least one physical uplink control channel comprising the
at least one generated hybrid automatic repeat request
acknowledgement codebook.

[0005] In a further aspect thereof the exemplary em-
bodiments of this invention provide an apparatus that
comprises means for receiving at least one downlink as-
signment indicating at least one multiplexing indicator
and at least one physical uplink control channel resource
in at least one sub-slot; determine, based on the multi-
plexing indicator of the last received downlink assign-
ment, if hybrid automatic repeat request acknowledge-
ment bits of a first traffic type and a second traffic type
are to be multiplexed; means for generating at least one
hybrid automatic repeat request acknowledgement
codebook associated with the hybrid automatic repeat
request acknowledgement bits of the first traffic type in
response to determining that the hybrid automatic repeat
request acknowledgement bits of the first traffic type and
the second traffic type are not to be multiplexed; and
means for transmitting atleast one physical uplink control
channel comprising the at least one generated hybrid
automatic repeat request acknowledgement codebook.
[0006] In another aspect thereof the exemplary em-
bodiments of this invention provide an apparatus that
comprises means for determining at least one multiplex-
ing indicator depending on whether the hybrid automatic
repeat request acknowledgement for a first traffic type
and a second traffic type can be multiplexed; and means
for transmitting at least one downlink assignment indi-
cating the determined at least one multiplexing indicator
and at least one physical uplink control channel resource
in at least one sub-slot.

BRIEF DESCRIPTION OF THE DRAWINGS:

[0007] Forproperunderstanding of this disclosure, ref-
erence should be made to the accompanying drawings,
wherein:

FIG. 1A and FIG. 1Billustrate an example of dynamic
multiplexing of URLLC and eMBB HARQ-ACK using
a multiplexing group indicator according to certain
embodiments.

FIG. 2 illustrates an example of a method performed
by a user equipment according to certain embodi-
ments.

FIG.3A and FIG. 3B illustrate an example of dynamic
multiplexing of URLLC and eMBB HARQ-ACK using
a multiplexing indicator (MI) according to certain em-
bodiments.

FIG. 4 illustrates another example of a method per-
formed by a user equipment according to certain em-
bodiments.

FIG. 5 illustrates an example of a method performed
by a network entity according to certain embodi-
ments.

FIG. 6 illustrates another example of a method per-
formed by a network entity according to certain em-
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bodiments.

FIG. 7A and FIG. 7B illustrate another example of
dynamic multiplexing of URLLC and eMBB HARQ-
ACK using a multiplexing group indicator (MGI) with
a slot-based HARQ-ACK feedback procedure ac-
cording to certain embodiments.

FIG. 8A and FIG. 8B illustrate another example of
dynamic multiplexing of URLLC and eMBB HARQ-
ACK using a multiplexing indicator (MI) with a slot-
based HARQ-ACK feedback procedure according
to certain embodiments.

FIG. 9 illustrates another example of a system ac-
cording to certain embodiments.

DETAILED DESCRIPTION:

[0008] User equipment (UE) may need to handle
HARQ-ACK feedback for multiple types of traffic, such
as ultra-reliable low latency communication (URLLC)and
enhanced mobile broadband (eMBB). For example, sep-
arate HARQ-ACK procedures and/or codebooks may be
used for URLLC and eMBB traffic, but challenges may
arise when multiplexing HARQ-ACKs for URLLC and eM-
BB traffic.

[0009] Where HARQ-ACK multiplexing of URLLC and
eMBB traffic does not degrade performance standards,
such as latency and/or reliability, it may be beneficial for
URLLC and eMBB traffic to use HARQ-ACK multiplexing
to simultaneously transmit URLLC and eMBB HARQ-
ACK, and would not lead to eMBB performance degra-
dation. Alternatively, the HARQ-ACK transmission for
eMBB may be dropped when the required performance
of URLLC HARQ-ACK cannot be assured when being
multiplexed in conjunction with eMBB HARQ-ACK, and
in this case, only the URLLC HARQ-ACK would be trans-
mitted.

[0010] HARQ-ACK multiplexing of URLLC and eMBB
may be enabled and/or disabled either semi-statically or
dynamically. Dynamic enabling and/or disabling of the
HARQ-ACK multiplexing may be performed according to
an indication in the downlink assignment, while also pro-
viding another level of flexibility compared to semi-static
signaling, such as allowing the multiplexing only if the
total payload size is small enough to not impact the la-
tency and/or reliability performance. Such dynamic op-
eration may result in a more efficient system operation.
[0011] Current techniques related to HARQ-ACK mul-
tiplexing of URLLC and eMBB traffic may come with var-
ious disadvantages. For example, a base station may
determine whether or not the HARQ-ACK of the eMBB
and the URLLC can be multiplexed in one HARQ-ACK
codebook, and the multiplexing may be enabled by hav-
ing URLLC HARQ-ACK point to the same PUCCH re-
source as eMBB HARQ-ACK. However, the PUCCH re-
source may not be updated or overridden once indicated,
which may be challenging for the network entity since
the network entity cannot predict the future scheduling.
Furthermore, grouping PDSCH may support multiple
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HARQ-ACK transmission opportunities in a slot, such as
by using explicit signalling with additional bits for the PD-
SCH group indicator in the DCI. The PDSCH group indi-
cator may be used to determine which PDSCH have
HARQ-ACK multiplexed together, and each group may
correspond to one HARQ-ACK transmission opportunity
in a slot.

[0012] Certain embodiments described herein may
have various benefits and/or advantages to overcome
the disadvantages described above by providing dynam-
ic enabling and/or disabling of multiplexing of HARQ-
ACK bits for different types of traffic. For example, at least
one additional bit may be added for the needed indication
to the DCl and/or DL assignment message, and may also
define the corresponding UE behavior. In particular, the
additional bits may carry a multiplexing group indicator
(MGI), while the UE may only multiplex the HARQ-ACK
bits for the DL assignments with a matching multiplexing
group indicator. Where there are multiple groups of
HARQ-ACK bits, and priorities are needed to select at
least one group, priorities may also be defined for each
multiplexing group indicator. As a result, certain embod-
iments may result in improved reliability and latency.
Thus, certain embodiments are directed to improve-
ments in computer-related technology.

[0013] In various embodiments, one bit may be added
in the DL assignment that indicates whether multiplexing
of eMBB and/or URLLC HARQ-ACK in the same HARQ-
ACK codebook transmission should be performed or not.
For example, a bit in the last DCI message/DL assign-
ment corresponding to the generated HARQ-ACK code-
book bits to be transmitted at the same time, such as
overlap/collision in time, may define a HARQ-ACK mul-
tiplexing rule that applies for different types of traffic.
[0014] PUCCH slots may be divided into multiple sub-
slots, where time units may now be sub-slots instead of
slots to provide multiple PUCCH or HARQ-ACK trans-
mission opportunities per slot. Thus, for all PDSCHs that
are associated with PUCCH resources within the same
sub-slot, the related HARQ-ACK bits may be multiplexed,
and the PUCCH resource to be used may be determined
by the PUCCH resource indicator in the last received DL
assignment pointing to the same PUCCH sub-slot. When
applied to the sub-slot based HARQ-ACK feedback op-
eration, certain embodiments described herein may al-
low multiple HARQ-ACK transmissions with a single slot,
while also allowing the dynamic enabling/disabling of
multiplexing of HARQ-ACK bits for eMBB and URLLC.
[0015] FIG. 1A, FIG. 1B illustrate an example of dy-
namic multiplexing of URLLC and eMBB HARQ-ACK us-
ing a multiplexing group indicator (MGI). In some embod-
iments, PDSCHs indicating at least one PUCCH re-
source in the same sub-slot may be scheduled. For ex-
ample, K1 may be a HARQ-ACK feedback delay relative
to the end of the PDSCH transmission in the unit of a
sub-slot, with a sub-slot length of 7 symbols and/or half-
slot. PDSCH1 and PDSCH2 foreMBB may be associated
with a first MGI, such as 0. The MGI may be set to a first
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MGI for all PDSCHs, as shown in FIG. 1A. Thus, the
HARQ-ACK bits for all 3 PDSCHs may be multiplexed
together and transmitted on a PUCCH or PUSCH. In con-
trast, FIG. 1B illustrates PDSCH3 scheduled with a sec-
ond MGI, such as 1. The UE may generate a separate
HARQ-ACK codebook for PDSCH3 to be transmitted on
one PUCCH, with another HARQ-ACK codebook for
PDSCH1/PDSCH2 to be transmitted on another
PUCCH. Lower priority HARQ-ACK information may be
associated with a lower multiplexing group indicator, and
higher priority HARQ-ACK information may be associat-
ed with a larger multiplexing group indicator (i.e., MGI=1
having priority over MGI=0). In this example, the UE may
only transmit one PUCCH in a sub-slot, and PUCCH for
PDSCH3 HARQ-ACK may be transmitted, while PUCCH
for PDSCH1/PDSCH2 HARQ-ACK may be dropped.
[0016] In certain embodiments, one or more bits may
be added in each downlink assignment as a multiplexing
group indicator (MGI). For all of the DL assignments
which indicate the PUCCH resource in the same sub-slot
and the same MGI, the HARQ-ACK bits for these PD-
SCHs are multiplexed on the same PUCCH (or PUSCH).
Where there are multiple PUCCHSs for HARQ-ACK in the
same sub-slot correspond to different MGls, prioritization
may be applied when the UE cannot transmit all the
PUCCHSs simultaneously. For example, PUCCH carrying
URLLC HARQ-ACK may be prioritized over PUCCH car-
rying eMBB HARQ-ACK. Alternatively, priorities are de-
fined for each MGI, and PUCCH corresponding to the
MGI with the higher priority may be prioritized.

[0017] Using the technique illustrated in FIG. 1A, FIG.
1B, and FIG. 2 illustrates an example of a method per-
formed by a user equipment, such as user equipment
910 illustrated in FIG. 9, according to certain embodi-
ments. In step 201, the user equipment may receive at
least one downlink assignment indicating at least one
multiplexing group indicator. In step 203, the user equip-
ment may generate at least one hybrid automatic repeat
request acknowledgement codebook in a sub-slot for
each received multiplexing group indicator value. If there
is only one received multiplexing group indicator value,
the user equipment may transmit the generated code-
book on the determined PUCCH resource. In step 205,
the user equipment may determine whether more than
one PUCCH resource associated with more than one
multiplexing group indicator overlaps in time. In step 207,
the user equipment may transmit the highest priority
codebook on the determined PUCCH resource and may
prevent transmission of the lower-priority HARQ-ACKs
based on the at least one MGl indication in case an over-
lap in time has been determined. In step 209, the user
equipment may transmit the generated codebook on the
determined PUCCH resource if there has not been any
overlap in time determined of codebooks of more than
one multiplexing group indicator.

[0018] FIG. 3A, FIG. 3B illustrate another example of
dynamic multiplexing of URLLC and eMBB HARQ-ACK
using a multiplexing indicator (Ml). For the two eMBB
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PDSCHs (PDSCH1 and PDSCH2) and the first URLLC
PDSCH (PDSCH3), the Ml may be set to 1. The network
entity may have previously considered the multiplexing
performance acceptable. Where no further PDSCH is
transmitted which requires HARQ-ACK feedback, as
shown in FIG. 3A, the HARQ-ACK of the two eMBB PD-
SCHs (PDSCH1 and PDSCH2) and the HARQ-ACK of
the URLLC PDSCH (PDSCH3) may be multiplexed to-
gether on PUCCH (or PUSCH) in sub-slot 6. When the
network entity schedules another URLLC PDSCH4, as
in FIG. 3B, the multiplexing indicator may be set to 0 in
order to prevent multiplexing of URLLC and eMBB
HARQ-ACK because, for example, the overall payload
size exceeds a certain threshold. Thus, in FIG. 3B, the
UE may drop the HARQ-ACK of eMBB PDSCHs
(PDSCH1 and PDSCHZ2) and only map the HARQ-ACK
of the URLLC PDSCHs (PDSCH 3 and PDSCH4) on the
PUCCH (or PUSCH) in half-slot 6. Thus, the network
entity may dynamically modify the multiplexing decision
as the PDSCH scheduling progresses. In some embod-
iments, it may be desirable to distinguish high priority
(URLLC) traffic from lower priority (eMBB) traffic to per-
form the intended HARQ-ACK multiplexing prioritization.
There may be a separate mechanism for URLLC and
eMBB traffic differentiation. For example, the required
traffic differentiation may be done either explicitly in DCI,
or implicitly by other means.

[0019] Using the technique illustrated in FIG. 3A, FIG.
3B, and FIG. 4 illustrates an example of a method per-
formed by a user equipment, such as user equipment
910 illustrated in FIG. 9, according to certain embodi-
ments. HARQ-ACK procedure for URLLC and eMBB
may be associated with sub-slotbased techniques where
URLLC and eMBB traffic is differentiated, either explicitly,
such as in DCI, or implicitly. For example, a one-bit mul-
tiplexing indicator (MI) may be added in the downlink as-
signment indicating whether URLLC and eMBB HARQ-
ACK bits are multiplexed or not. In some embodiments,
a first value, such as 0, may indicate no multiplexing of
URLLC and eMBB HARQ-ACK, while a second value,
suchas 1, may indicate multiplexing of URLLC and eMBB
HARQ-ACK. The bit in the last downlink assignment may
indicate that the PUCCH resource in the sub-slot may
determine whether multiplexing is performed. Thus, a
network entity may adjust the last bit, and whether mul-
tiplexing is performed, until a scheduling decision of the
last PDSCH, with the PUCCH resource associated with
the same sub-slot.

[0020] In some embodiments, when HARQ-ACK bits
for different types of traffic are multiplexed together, there
may be different ways/orders to multiplex them. For ex-
ample, URLLC HARQ-ACK bits may be followed by eM-
BB HARQ-ACK bits, where they can be either jointly en-
coded or separately encoded. Alternatively, the HARQ-
ACK bits may be concatenated according to time, regard-
less of the traffic type, such as according to Rel-15
HARQ-ACK procedure.

[0021] In step 401, a user equipment may receive at
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least one downlink assignment indicating at least one
multiplexing indicator and at least one PUCCH resource
in at least one sub-slot. In step 403, the user equipment
may determine, based on the multiplexing indicator of
the last received downlink assignment, if the HARQ-ACK
bits of a first traffic type and second traffic type are to be
multiplexed. In some embodiments, the first traffic type
may be URLLC, and the second traffic type may be eM-
BB.

[0022] In step 405, in response to determining that the
HARQ-ACK bits of the first traffic type and second traffic
type are not to be multiplexed the user equipment may
generate at least one HARQ-ACK codebook associated
with the HARQ-ACK bits of the first traffic type. In some
embodiments, in response to determining that the first
traffic type and second traffic type are not to be multi-
plexed, the HARQ-ACK codebook may only be associ-
ated with URLLC PDSCH HARQ-ACK. Alternatively, in
response to determining that the first traffic type and sec-
ond traffic type are to be multiplexed, the HARQ-ACK
codebook may be associated with URLLC and eMBB
PDSCH HARQ-ACK.

[0023] In some embodiments, a first determined indi-
cator may cause all HARQ-ACK bits to be multiplexed
together and/or transmitted on PUSCH or using the in-
dicated PUCCH resource. A second determined indica-
tor may cause the eMBB HARQ-ACK to be dropped
and/or only transmit the URLLC HARQ-ACK in the sub-
slot on PUCCH or PUSCH. In step 407, in response to
determining that the HARQ-ACK bits of the first traffic
type and second traffic type are to be multiplexed the
user equipment may generate at least one HARQ-ACK
codebook associated with the HARQ-ACK bits of the first
traffic type and the second traffic type. In step 409, the
user equipment may transmit at least one PUCCH com-
prising the atleast one generated HARQ-ACK codebook.
[0024] FIG. 5illustrates an example of a method per-
formed by a network entity, such as network entity 920
illustrated in FIG. 9, according to certain embodiments.
In step 501, the network entity may determine at least
one multiplexing group indicator for at least one trans-
mission. In step 503, the network entity may, upon de-
termining the at least one multiplexing group indicator,
transmit at least one downlink assignment indicating the
determined at least one multiplexing group indicator and
at least one PUCCH resource in at least one sub-slot. In
some embodiments, the indication may be associated
with an uplink grant. Alternatively, the indication may be
associated with a downlink assignment. In step 505, the
network entity may receive at least one PUCCH compris-
ing at least one HARQ-ACK codebook associated with
the transmitted multiplexing group indicator with the high-
est priority on a determined PUCCH resource based on
the at least one MGl indication. In certain embodiments,
the determination may be associated with a first traffic
type and a second traffic type.

[0025] FIG. 6 illustrates an example of a method per-
formed by a network entity, such as network entity 920
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illustrated in FIG. 9, according to certain embodiments.
In step 601, the network entity may determine at least
one multiplexing indicator depending on whether the
HARQ-ACK for afirst traffic type and a second traffic type
can be multiplexed. In step 603, the network entity may
transmit at least one downlink assignment indicating the
determined atleastone multiplexing indicator and at least
one PUCCH resource in at least one sub-slot. In step
605, the network entity may receive at least one PUCCH
comprising the at least one generated HARQ-ACK code-
book based on the determined multiplexing indicator in
the last downlink assignment.

[0026] In certain embodiments, the determination may
be associated with a first traffic type and a second traffic
type.

[0027] FIG. 7A and FIG. 7B illustrate another example

of dynamic multiplexing of URLLC and eMBB HARQ-
ACK using MGI with slot-based HARQ-ACK feedback
procedure according to certain embodiments. In some
embodiments, a HARQ-ACK procedure for both URLLC
and eMBB may follow a slot-based approach. For exam-
ple, one or more bits may be added in each DL assign-
ment as the MGI. For all the DL assignments that indicate
the PUCCH resource in the same slot and the same MG,
the HARQ-ACK bits for these PDSCHs may be multi-
plexed on the same PUCCH or PUSCH. In case there
are multiple PUCCHSs for HARQ-ACK in the same slot
corresponding to different MGls, prioritization may be
necessary if the UE cannot transmit all the PUCCHs si-
multaneously. For example, PUCCH carrying URLLC
HARQ-ACK (given by MGI=1) may be prioritized over
PUCCH carrying eMBB HARQ-ACK (MGI=0).

[0028] In FIGS. 7(a) and 7(b), 3 PDSCHs may be
scheduled that indicate a PUCCH resource in the same
sub-slot. K1 is associated with a HARQ-ACK feedback
delay relative to the end of PDSCH transmission in unit
of slots. PDSCH1 and PDSCH2 for eMBB are illustrated
as being scheduled with MGI of 0. When PDSCH3 is
scheduled in FIG. 7A, MGl is indicated as 0. Thus, the
HARQ-ACK bits for all 3 PDSCHs may be multiplexed
together and transmitted on a PUCCH (or PUSCH). In
contrast, FIG. 7B illustrates PDSCH3 being scheduled
with MGl of 1, which means that the UE may generate a
separate HARQ-ACK codebook for PDSCH3 to be trans-
mitted on one PUCCH, with another HARQ-ACK code-
book for PDSCH1/2 being transmitted on another
PUCCH. The PUCCH resources for PDSCH1/2 and
PDSCH3 may overlapintime, and the UE may only trans-
mit one PUCCH at a time. Thus, PUCCH for PDSCH3
HARQ-ACK may be transmitted, while PUCCH for
PDSCH1/2 HARQ-ACK may be dropped. A higher prior-
ity ofthe HARQ-ACK information may be given by alarger
multiplexing group indicator, for example MGI=1 having
priority over MGI=0, in case multiplexing of the HARQ-
ACK bits of different traffic types is not performed.
[0029] FIG. 8A and FIG. 8B illustrate another example
of dynamic multiplexing of URLLC and eMBB HARQ-
ACK using Ml with slot-based HARQ-ACK feedback pro-
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cedure according to certain embodiments. In some em-
bodiments, a HARQ-ACK procedure for both URLLC and
eMBB may follow a slot-based approach with a separate
mechanism for URLLC and eMBB traffic differentiation.
Forexample, the traffic differentiation may be done either
explicitly in DCI, or implicitly by other means. One bit,
illustrated as a multiplexing indicator (Ml) in FIG. 8A and
FIG. 8B, may be added in the DL assignment to indicate
whether URLLC and eMBB HARQ-ACK bits are multi-
plexed or not. For example, bit ‘0’ may mean that they
are not multiplexed, while bit 1’ may mean that they are
multiplexed. The MI bit value in the last DL assignment
thatindicates the PUCCH resource in the slotdetermines
the final status whether to multiplex or not. Thus, the net-
work entity may change the bit and the related multiplex-
ing (yes/no) until the scheduling decision of the last PD-
SCH with the PUCCH resource pointing to the same slot.
[0030] Forexample, the user equipment may generate
and/or maintain at least one HARQ-ACK codebook sep-
arately for URLLC and eMBB traffic for each slot, based
on the URLLC and eMBB traffic differentiation. When the
UE receives the last DL assignment indicating the
PUCCH resource in the slot, it checks the multiplexing
indicator (Ml) in that DCI to determine whether to multi-
plex the HARQ-ACK bits for URLLC and eMBB. If the MI
indicates that multiplex is to be performed, such as MI=1,
all of the HARQ-ACK bits may be multiplexed together
and transmitted using the indicated PUCCH resource or
transmitted on PUSCH.

[0031] Ifthe Mlindicates that multiplex is not to be per-
formed, such as MI=0, based on the network entity indi-
cation of a needed prioritization of URLLC HARQ-ACK,
the user equipment may drop the eMBB HARQ-ACK and
only transmit the URLLC HARQ-ACK in the slot on
PUCCH or PUSCH. For the two eMBB PDSCHs
(PDSCH1 and PDSCH2) and the first URLLC PDSCH
(PDSCH3), the MI may be set to 1, assuming the network
entity considers the multiplexing performance as accept-
able. In case no further PDSCH is transmitted requiring
HARQ-ACK feedback, FIG. 8A, the HARQ-ACK of the
two eMBB PDSCHs (PDSCH1 and PDSCH2) and the
HARQ-ACK of the URLLC PDSCH (PDSCH3) may be
multiplexed together on PUCCH (or PUSCH) in slot 3.
When the network entity schedules another URLLC
PDSCH4 as in FIG. 8B, the network entity may set MI=0
in order to prevent multiplexing of URLLC and eMBB
HARQ-ACK, for example, because the overall payload
size exceeds a certain threshold. Thus, in FIG. 8B, the
UE may drop the HARQ-ACK of MBB, as illustrated by
the cross-out HARQ-ACK mapping, and may only map
the HARQ-ACK of the URLLC PDSCHs (PDSCH 3 and
PDSCH4) on the PUCCH (or PUSCH) in slot 3.

[0032] FIG. 9 illustrates an example of a system ac-
cording to certain embodiments. In one embodiment, a
system may include multiple devices, such as, for exam-
ple, user equipment 910 and network entity 920.

[0033] User equipment 910 may include one or more
of amobile device, such as a mobile phone, smart phone,
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personal digital assistant (PDA), tablet, or portable media
player, digital camera, pocket video camera, video game
console, navigation unit, such as a global positioning sys-
tem (GPS) device, desktop or laptop computer, single-
location device, such as a sensor or smart meter, or any
combination thereof.

[0034] Network entity 920 may be one or more of a
base station, such as an evolved node B (eNB) or next
generation node B (gNB), a next generation radio access
network (NG RAN), a serving gateway, a server, and/or
any other access node or combination thereof.

[0035] Insomeembodiments, user equipment910and
network entity 920 may be a part of a relay node. Multiple
relays may be chained together to form a multi-hop-relay
network in a relay deployment. Furthermore, a citizens
broadband radio service (CBRS) device (CBSD) may in-
clude one or more serving cells, such as user equipment
910 and network entity 920.

[0036] One or more of these devices may include at
least one processor, respectively indicated as 911 and
921. At least one memory may be provided in one or
more of devices indicated at 912 and 922. The memory
may be fixed or removable. The memory may include
computer program instructions or computer code con-
tained therein. Processors 911 and 921 and memory 912
and 922 or a subset thereof, may be configured to provide
means corresponding to the various blocks of FIGS. 1-8.
Although not shown, the devices may also include posi-
tioning hardware, such as global positioning system
(GPS) or micro electrical mechanical system (MEMS)
hardware, which may be used to determine a location of
the device. Other sensors are also permitted and may
be included to determine location, elevation, orientation,
and so forth, such as barometers, compasses, and the
like.

[0037] As shown in FIG. 9, transceivers 913 and 923
may be provided, and one or more devices may also
include at least one antenna, respectively illustrated as
914 and 924. The device may have many antennas, such
as an array of antennas configured for multiple input mul-
tiple output (MIMO) communications, or multiple anten-
nas for multiple radio access technologies. Other config-
urations of these devices, for example, may be provided.
[0038] Transceivers 913 and 923 may be a transmitter,
a receiver, or both a transmitter and a receiver, or a unit
or device that may be configured both for transmission
and reception.

[0039] Processors 911 and 921 may be embodied by
any computational or data processing device, such as a
central processing unit (CPU), application specific inte-
grated circuit (ASIC), or comparable device. The proc-
essors may be implemented as a single controller, or a
plurality of controllers or processors.

[0040] Memory912and 922 mayindependently be any
suitable storage device, such as a non-transitory com-
puter-readable medium. A hard disk drive (HDD), random
access memory (RAM), flash memory, or other suitable
memory may be used. The memories may be combined
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on a single integrated circuit as the processor, or may be
separate from the one or more processors. Furthermore,
the computer program instructions stored in the memory
and which may be processed by the processors may be
any suitable form of computer program code, for exam-
ple, a compiled or interpreted computer program written
in any suitable programming language. Memory may be
removable or non-removable.

[0041] The memory and the computer program instruc-
tions may be configured, with the processor for the par-
ticular device, to cause a hardware apparatus such as
user equipment to perform any of the processes de-
scribed below (see, for example, FIGS. 1-8). Therefore,
in certain embodiments, a non-transitory computer-read-
able medium may be encoded with computer instructions
that, when executed in hardware, perform a process such
as one of the processes described herein. Alternatively,
certain embodiments may be performed entirely in hard-
ware.

[0042] In certain embodiments, an apparatus may in-
clude circuitry configured to perform any of the processes
orfunctionsillustrated in FIGS. 1-8. For example, circuitry
may be hardware-only circuit implementations, such as
analog and/or digital circuitry. In another example, cir-
cuitry may be a combination of hardware circuits and
software, such as a combination of analog and/or digital
hardware circuit(s) with software or firmware, and/or any
portions of hardware processor(s) with software (includ-
ing digital signal processor(s)), software, and atleastone
memory that work together to cause an apparatus to per-
form various processes or functions. In yet another ex-
ample, circuitry may be hardware circuit(s) and or proc-
essor(s), such as a microprocessor(s) or a portion of a
microprocessor(s), that include software, such as
firmware for operation. Software in circuitry may not be
present when it is not needed for the operation of the
hardware.

[0043] The features, structures, or characteristics of
certain embodiments described throughout this specifi-
cation may be combined in any suitable manner in one
or more embodiments. For example, the usage of the
phrases "certain embodiments," "some embodiments,”
"other embodiments," or other similar language, through-
out this specification refers to the fact that a particular
feature, structure, or characteristic described in connec-
tion with the embodiment may be included in at least one
embodiment of the present invention. Thus, appearance
of the phrases "in certain embodiments," "in some em-
bodiments," "in other embodiments," or other similar lan-
guage, throughout this specification does not necessarily
refer to the same group of embodiments, and the de-
scribed features, structures, or characteristics may be
combined in any suitable manner in one or more embod-
iments.

[0044] One having ordinary skill in the art will readily
understand that certain embodiments discussed above
may be practiced with steps in a different order, and/or
with hardware elements in configurations which are dif-
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ferentthan those which are disclosed. Therefore, it would
be apparent to those of skill in the art that certain modi-
fications, variations, and alternative constructions would
be apparent, while remaining within the spirit and scope
of the invention. In order to determine the metes and
bounds of the invention, therefore, reference should be
made to the appended claims.

Partial Glossary

[0045]

3GPP 3rd Generation Partnership Project

ACK Acknowledgement

BW Bandwidth

BWP Bandwidth Part

CG Configured Grant

COoT Channel Occupancy Time

DCI Downlink Control Information

eMBB Enhanced Mobile Broadband

eNB Evolved Node B

EPC Evolved Packet Core

GC-PDCCH  Group-Common Physical Downlink
Control Channel

gNB Next Generation eNB

GPS Global Positioning System

HARQ Hybrid Automatic Repeat Request

LTE Long-Term Evolution

MCS Modulation and Coding Scheme

MME Mobility Management Entity

MTC Machine-Type Communications

NDI New Data Indicator

PDCCH Physical Downlink Control Channel

PDCP Packet Data Convergence Protocol

PDSCH Physical Downlink Shared Channel

PDU Protocol Data Unit

PRB Physical Resource Block

PUCCH Physical Uplink Control Channel

PUSCH Physical Uplink Shared Channel

RAN Radio Access Network

RLC Radio Link Control

SFI Slot Format Indicator

UCl Uplink Control Information

UE User Equipment

UM Unacknowledged Mode

URLLC Ultra-Reliable and Low-Latency Com-
munication

WLAN Wireless Local Area Network

[0046] According to a first embodiment, a method may

include receiving, by a user equipment, at least one
downlink assignment indicating at least one multiplexing
group indicator. The method may further include gener-
ating, by the user equipment, at least one hybrid auto-
matic repeat request acknowledgement codebook in a
sub-slot for each received multiplexing group indicator
value. The method may further include determining, by
the user equipment, whether more than one PUCCH re-
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source associated with more than one multiplexing group
indicator overlaps in time. The method may further in-
clude transmitting, by the user equipment, the highest
priority codebook on the determined PUCCH resource
and preventing, by the user equipment, transmission of
the lower-priority HARQ-ACKSs based on the at least one
MGI indication in case an overlap in time has been de-
termined. The method may further include transmitting,
by the user equipment, the generated codebook on the
determined PUCCH resource if there has not been any
overlap in time determined of codebooks of more than
one multiplexing group indicator.

[0047] In some embodiments, the first traffic type may
be URLLC, and the second traffic type may be eMBB.
[0048] According to a second embodiment, a method
may include receiving, by the user equipment, at least
one downlink assignment indicating at least one multi-
plexing indicator and at least one PUCCH resource in at
least one sub-slot. The method may further include de-
termining, by the user equipment, based on the multi-
plexing indicator of the last received downlink assign-
ment, if the HARQ-ACK bits of a first traffic type and sec-
ond traffic type are to be multiplexed. The method may
further include, in response to determining that the
HARQ-ACK bits of the first traffic type and second traffic
type are not to be multiplexed, generating, by the user
equipment, at least one HARQ-ACK codebook associat-
ed with the HARQ-ACK bits of the first traffic type. The
method may further include, in response to determining
thatthe HARQ-ACK bits of the first traffic type and second
traffic type are to be multiplexed, generating, by the user
equipment, at least one HARQ-ACK codebook associat-
ed with the HARQ-ACK bits of the first traffic type and
the second traffic type. The method may further include
transmitting, by the user equipment, at least one PUCCH
comprising the at least one generated HARQ-ACK code-
book.

[0049] In some embodiments, the first traffic type may
be URLLC, and the second traffic type may be eMBB.
[0050] In a variant, the method may further include a
first determined indicator configured to cause all HARQ-
ACK bits to be multiplexed together and/or transmitted
on PUSCH or using the indicated PUCCH resource.
[0051] In a variant, the method may further include a
second determined indicator configured to cause the eM-
BB HARQ-ACK to be dropped and/or only transmit the
URLLC HARQ-ACK in the sub-slot on PUCCH or
PUSCH.

[0052] Accordingtoa third embodiment, a method may
include determining, by a network entity, atleast one mul-
tiplexing group for at least one transmission. The method
may further include transmitting, by the network entity,
at least one downlink assignment indicating the deter-
mined at least one multiplexing group indicator and at
least one PUCCH resource in at least one sub-slot. The
method may further include receiving, by the network en-
tity, at least one PUCCH comprising at least one HARQ-
ACK codebook associated with the transmitted multiplex-
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ing group indicator with the highest priority on a deter-
mined PUCCH resource based on the at least one MGI
indication.

[0053] In some embodiments, the first traffic type may
be URLLC, and the second traffic type may be eMBB.
[0054] According to a fourth embodiment, a method
may include determining, by a network entity, at least
one multiplexing indicator depending on whether the
HARQ-ACK for a first traffic type and a second traffic type
can be multiplexed. The method may further include
transmitting, by the network entity, at least one downlink
assignment indicating the determined at least one mul-
tiplexing indicator and at least one PUCCH resource in
at least one sub-slot. The method may further include
receiving, by the network entity, at least one PUCCH
comprising the at least one generated HARQ-ACK code-
book based on the determined multiplexing indicator in
the last downlink assignment.

[0055] In some embodiments, the first traffic type may
be URLLC, and the second traffic type may be eMBB.
[0056] According to a fifth embodiment, a sixth embod-
iment, a seventh embodiment, and an eighth embodi-
ment, an apparatus can include at least one processor
and at least one memory and computer program code.
The atleast one memory and the computer program code
can be configured to, with the at least one processor,
cause the apparatus at least to perform a method ac-
cording to the first embodiment, the second embodiment,
the third embodiment, the fourth embodiment, and any
of their variants.

[0057] According to a ninth embodiment, a tenth em-
bodiment, an eleventh embodiment, and a twelfth em-
bodiment, an apparatus can include means for perform-
ing the method according to the first embodiment, the
second embodiment, the third embodiment, the fourth
embodiment, and any of their variants.

[0058] According to an thirteenth embodiment, a four-
teenth embodiment, fifteenth embodiment, and a six-
teenth embodiment, a computer program product may
encode instructions for performing a process including a
method according to the first embodiment, the second
embodiment, the third embodiment, the fourth embodi-
ment, and any of their variants.

[0059] According to a seventeenth embodiment, an
eighteenth embodiment, a nineteenth embodiment, and
a twentieth embodiment, a non-transitory computer-
readable medium may encode instructions that, when
executed in hardware, perform a process including a
method according to the first embodiment, the second
embodiment, the third embodiment, the fourth embodi-
ment, and any of their variants.

[0060] According to atwenty-firstembodiment, a twen-
ty-second embodiment, a twenty-third embodiment, and
a twenty-fourth embodiment, a computer program code
may include instructions for performing a method accord-
ing to the first embodiment, the second embodiment, the
third embodiment, the fourth embodiment, and any of
their variants.
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[0061] According to a twenty-fifth embodiment, a twen-
ty-sixthembodiment, a twenty-seventh embodiment, and
a twenty-eighth embodiment, an apparatus may include
circuitry configured to perform a process including a
method according to the first embodiment, the second
embodiment, the third embodiment, the fourth embodi-
ment, and any of their variants.

Claims
1. A method, comprising:

receiving, by a user equipment, at least one
downlink assignmentindicating atleast one mul-
tiplexing indicator and at least one physical up-
link control channel resource in at least one sub-
slot;

determining, based on the multiplexing indicator
of the last received downlink assignment, if hy-
brid automatic repeat request acknowledge-
ment bits of a first traffic type and a second traffic
type are to be multiplexed;

generating at least one hybrid automatic repeat
request acknowledgement codebook associat-
ed with the hybrid automatic repeat request ac-
knowledgement bits of the first traffic type in re-
sponse to determining that the hybrid automatic
repeatrequest acknowledgement bits of the first
traffic type and the second traffic type are not to
be multiplexed; and

transmitting at least one physical uplink control
channel comprising the at least one generated
hybrid automatic repeat request acknowledge-
ment codebook.

2. Themethod according to claim 1, further comprising:
generating at least one hybrid automatic repeat re-
quest acknowledgement codebook associated with
the hybrid automatic repeat request acknowledge-
ment bits of the first traffic type and the second traffic
type in response to determining that the hybrid au-
tomatic repeat request acknowledgement bits of the
first traffic type and the second traffic type are to be
multiplexed.

3. The method according to claim 1 or 2, wherein the
first traffic type is ultra-reliable low latency commu-
nication, and the second traffic type is enhanced mo-
bile broadband.

4. The method according to any one of claims 1-3,
wherein the multiplexing indicator is configured to
cause all hybrid automatic repeat request acknowl-
edgement bits to be multiplexed together.

5. The method according to any one of claims 1-3,
wherein the multiplexing indicator is configured to
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10.

1.

cause all hybrid automatic repeat request acknowl-
edgement bits to be transmitted on physical uplink
shared channel or using the indicated physical uplink
control channel resource.

The method according to any one of claims 1-5,
wherein the multiplexing indicator is configured to
cause the hybrid automatic repeat request acknowl-
edgement bits of the second ftraffic type to be
dropped.

An apparatus, comprising:

means for receiving at least one downlink as-
signment indicating at least one multiplexing in-
dicator and at least one physical uplink control
channel resource in at least one sub-slot;
means for determining, based on the multiplex-
ing indicator of the last received downlink as-
signment, if hybrid automatic repeatrequest ac-
knowledgement bits of a first traffic type and a
second traffic type are to be multiplexed;
means for generating at least one hybrid auto-
matic repeat request acknowledgement code-
book associated with the hybrid automatic re-
peat request acknowledgement bits of the first
traffic type in response to determining that the
hybrid automatic repeat request acknowledge-
ment bits of the first traffic type and the second
traffic type are not to be multiplexed; and
means for transmitting at least one physical up-
link control channel comprising the at least one
generated hybrid automatic repeat request ac-
knowledgement codebook.

The apparatus according to claim 7, further compris-
ing:

means for generating at least one hybrid automatic
repeat request acknowledgement codebook associ-
ated with the hybrid automatic repeat request ac-
knowledgement bits of the first traffic type and the
second traffic type in response to determining that
the hybrid automatic repeat request acknowledge-
ment bits of the first traffic type and the second traffic
type are to be multiplexed.

The apparatus according to claim 7 or 8, wherein the
first traffic type is ultra-reliable low latency commu-
nication, and the second traffic type is enhanced mo-
bile broadband.

The apparatus according to any one of claims 7-9,
wherein the multiplexing indicator is configured to
cause all hybrid automatic repeat request acknowl-
edgement bits to be multiplexed together.

The apparatus according to any one of claims 7-9,
wherein the multiplexing indicator is configured to
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13.

14.

15.
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cause all hybrid automatic repeat request acknowl-
edgement bits to be transmitted on physical uplink
shared channel or using the indicated physical uplink
control channel resource.

The apparatus according to any one of claims 7-11,
wherein the multiplexing indicator is configured to
cause the hybrid automatic repeat request acknowl-
edgement bits of the second ftraffic type to be
dropped.

The apparatus according to any one of claims 7-11,
wherein the multiplexing indicator is configured to
cause the hybrid automatic repeat request acknowl-
edgement bits of the first traffic type to be transmitted
in the sub-slot on physical uplink control channel or
physical uplink shared channel.

An apparatus, comprising:

means for determining at least one multiplexing
indicator depending on whether the hybrid au-
tomatic repeat request acknowledgement for a
first traffic type and a second traffic type can be
multiplexed; and

means for transmitting at least one downlink as-
signment indicating the determined at least one
multiplexing indicator and at least one physical
uplink control channel resource in at least one
sub-slot.

The apparatus according to claim 14, further com-
prising:

means for receiving at least one physical uplink con-
trol channel comprising atleast one generated hybrid
automatic repeat request acknowledgement code-
book based on the determined multiplexing indicator
in the last downlink assignment.
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201N

recetving, by a user equipment, at least
one downlink assignment mdicating at
least one multiplexing group indicator

v

203N

generating, by the user equipment, at
least one hybrid automatic repeat request
acknowledgement codebook in a sub-
slot for each received multiplexing
group indicator value

v

205

determining, by the user equipment,
whether more than one PUCCH
resource associated with more than one
multiplexing group indicator overlaps in
time

v

207N

transmitting, by the user equipment, the
highest priority codebook on the
determined PUCCH resource and
preventing, by the user equipment,
transmission of the lower-priority
HARQ-ACKSs based on the at least one
MGT indication in case an overlap n time
has been determined

v

209N

transmitting, by the user equipment, the
generated codebook on the determined
PUCCH resource if there has not been
any overlap m time determined of
codebooks of more than one
multiplexing group indicator
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401

recelving, by a user equipment, at least
one downlink assignment indicating at
least one multiplexing indicator and at
least one PUCCH resource n at least
one sub-slot

A

403

determining, by the user equipment,
based on the multiplexing indicator of
the last received downlink assignment,
if the HARQ-ACK bits of a first traffic
type and second traffic type are to be
multiplexed

v

405N

mn response to determining that the
HARQ-ACK bits of the first traffic type
and second traffic type are not to be
multiplexed, generating, by the user
equipment, at least one HARQ-ACK
codebook associated with the HARQ-
ACK bits of the first traffic type

v

407

in response to determining that the
HARQ-ACK bits of the first traffic type
and second traffic type are to be
multiplexed, generating, by the user
equipment, at least one HARQ-ACK
codebook associated with the HARQ-
ACK bits of the first traffic type and the
second traffic type

v

409

transmitting, by the user equipment, at
least one PUCCH comprising the at least
one generated HARQ-ACK codebook
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determining, by a network entity, at least
one multiplexing group indicator for at
least one transmission

h 4

503

transmitting, by the network entity, at
least one downlink assignment
indicating the determined at least one
multiplexing group indicator and at least
one PUCCH resource m at least one
sub-slot

v

505N

receiving, by the network entity, at least
one PUCCH comprising at least one
HARQ-ACK codebook associated with
the transmitted multiplexing group
indicator with the highest priority on a
determined PUCCH resource based on
the at least one M GI indication
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one multiplexing indicator depending on
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be multiplexed
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transmitting, by the network entity, at
least one downlink assignment
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multiplexing indicator and at least one
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v

receiving, by the network entity, at least
one PUCCH comprising the at least one
generated HARQ-ACK codebook based
on the determined multiplexing
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